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INTRODUCTION
Childhood is a critical period in ontogeny, and the psychomotor settlement at this stage is the basis for future development. As a result, delays in early childhood can have lasting effects 1 . Early detection of problems in the motor development of children would allow for knowledge of their limitations and restrictions, enabling intervention through adjustments in the education program, so that the child can reach full development 2 . In this sense, perceptual-motor alterations in the fi rst years of life can have an impact on the school performance of children, inevitably affecting their overall development 3 .
Psychomotor development
Children under three years old who present alterations in psychomotor development are often referred to early intervention services, however, from that age onwards, the vast majority are schooled and their follow-up is done by educational institutions. It has been suggested that problems in motor development have negative consequences for their processes of learning, which are related with the chronological age of the child and could be detected in the school 4 .
In this way, in recent decades, psychomotor skills have increased their importance in educational plans, and have among their objectives the development of body organisation and motor skills and the increase of motor efficiency 5 . The necessity of developing psychomotor skills has been justified on the basis of the high prevalence of psychomotor development disorders, estimated to affect between 12-18% of the child population in developed countries 6 , a figure that increases significantly if behaviour problems and school difficulties are added 7, 8 . The disorders of psychomotor development can be defined as an alteration or delay in the progressive acquisition and organisation of psychological and social skills in children, and depend on 75% of the individual genetic process, and 25% of environmental stimuli and experience 9 . At the same time, it has been suggested that the main problem in psychomotor delay is determined by the absence of a teaching program in schools 10 . In this regard, a systematic review reported that more than 60% of the interventions in the motor development of children result in a statistically signifi cant improvement 11 . However, this same study, the limited quantity and quality of interventions that improve the psychomotor development of children in schools stands out, leading to the recommendation that teachers and parents participate in the process of identifi cation and intervention.
Sensory integration
Within the last lines of intervention, stand out those investigating the stimulation of the sensory modalities for use in the psychomotor practice.
According to several published studies, at least 1 in 20 children's daily lives are affected by a disorder in sensory processing 12 . Another study suggests that 1 in every 6 children experiences enough sensory alterations to interfere negatively in their academic, social and emotional development 13 . It has been shown that a Sensory Integrative Dysfunction (SID) is the basis of many learning and behavioural disorders, and that a good sensory integration intervention can achieve positive results where traditional therapies have failed 14 . In another study, the implications of sensory processing in social participation in children between six and nine years of age, with and without SID, was investigated, fi nding signifi cant differences in their relations 15 . More recently, a study revealed that children with SID showed signifi cant differences in functional skills in relation to other children, especially in self-care, mobility and social functions 16 .
Sensory integration-psychomotor development relationship
After sensory integration therapy was conducted with a group of twenty children diagnosed with high functioning Autism, the results showed a signifi cant improvement in coordination, non-verbal cognitive abilities and the combined sensory-motor and cognitive skills 17 . It has been suggested that the motor impairment in a group of eight children with cerebral palsy, between four and thirteen years, did not respond to a sensory or motor base, but to an alteration in the process of sensory integration 18 . Sensory processing diffi culties are more common in children with disabilities, in particular those with disorders of autism spectrum disorders and attention defi cit hyperactivity disorder (ADHD). In these groups of children, there is evidence of an association between diffi culties of sensory processing and psychomotor development and behavioural disorders [19] [20] [21] . However, research on the specifi c association between behaviour problems and sensory processing diffi culties is scarce in the absence of a diagnosis of these disorders. In this sense, a signifi cant relationship is reported between some skills of sensory integration, such as the visual, and performance of motor skills 22 . The knowledge of the relationship between both variables can contribute not only to improving theoretical models of development, but also to the design of specifi c interventions in children in typical preschool education.
The aim of the study is to determine the prevalence of psychomotor retardation and the relationship between psychomotor development and sensory integration processes.
METHODS

Participants and procedure
A random sample was taken from fi ve schools for pre-school education. The fi nal sample was composed of 66 children, 38 females (57.6%) and 28 males (42.4%), with an average age of 4.5 years (DT = 0.8). As inclusion criteria required that participants were aged between 3 and 5 years and did not suffer any diagnosed disability. Four individuals were discarded due to incomplete data.
Initially, 8 preschool centres were contacted, of which 5 accepted participating in the study. A letter of presentation with the main objectives of the study was sent to them, followed by an interview with the management of the centre and the parents association, in which the characteristics of research were exhibited and in which the assessment questionnaires were provided and explained. Two people who knew the protocols of the two scales of assessment presented the study information and the questionnaires. All parents, once informed of the procedure and the objectives of the study, gave their consent in writing.
The study was carried out in compliance with ethical principles of the Declaration of Helsinki and was approved by the Ethics Committee of the Facultad Padre Ossó (Universidad de Oviedo, Spain).
Instruments
The Observational Scale of Development in its summarised version (EOD-B) was used to assess the level of children's psychomotor development.
The EOD-B consists of seven subscales (fi rst half, second half, second year, third year, fourth year, fi fth and sixth year), which determine the psychomotor development of children between one and six years, selecting more discriminative behaviour for a rapid diagnosis. Each subscale assesses eight features of psychomotor development, which, in turn, are composed of different modalities: affectivity, somatic-motricity, sense-motricity, motricity, perceptive-motricity, communication, conceptualization-thought and normativity.
The results of the EOD-B move to a profi le of traits, which provides a graphical representation of the percentage of development attained by the child in each trait. From the above, we pooled the outcomes of the EOD-B in the following way: normal development, if the percentage of an achieved trait is between 70-100%; light delay, if it is between 50-69%; moderate delay, if it is between 30-49%; and severe delay, if it is from 0-29%. Once all of the traits have been categorised, the fi nal result of the scale was structured in the following way: normal development, when all the features are normal or there are only two traits with slight delay; likely delay, when the child has three features with mild delay or to a trait with moderate delay; and delay, for patients who have more than three features with mild delay, more than one trait with moderate delay and/or one or more traits with serious delay.
The EOD-B validation processes have been carried out with ages ranging between zero and six years. The results determined their internal validity (Z-Wilcoxon p < 0.001).
Furthermore, Sensory Profi le (SP) was used to assess the children's sensory processing. This instrument was designed to be used in children from three to ten years of age, both in people without disabilities and in people with autism or attention disorders, and has proven be useful for discriminating differences in processing and sensory integration 23, 24 . The SP is made up of 125 items that are classifi ed into nine factors: sensory seeking, emotionally reactive, low endurance/tone, oral sensory sensitivity, inattention/distractibility, poor registration, sensory sensitivity, sedentary, fi ne motor. A classifi cation has been proposed by grouping the SP responses as follows: normal sensory profi le, when all factors are within the parameters of typical performance or up to two factors probably differ; suspect sensory profi le, when three factors probably differ or there is one factor with defi nite difference; and regulatory disorder, when there are more than three factors with probable difference and/or two or more factors with defi nite difference 25 . Internal consistency was validated with a Cronbach's Alpha of 0.47 to 0.91 in the sensory sections, and 0.72-0.91 in the factors.
Analysis of data
Statistical analysis was performed with the statistical package SPSS 20. In the fi rst place, a descriptive statistic of each of the items of the instruments of assessment was made for the total sample. The normality of the distribution of the sample was found using the Levene test. Results (Levene test p ≥.05) confi rmed that the condition of homogeneity of variances was met by using parametric tests in subsequent analyses. Analysis of variance, or ANOVA, was used as the main test for the comparison of means, and the Scheffé test was used as the post-hoc test, or test for multiple comparisons, in cases in which there were more than two different variables.
RESULTS
The analysis of the variance comparing the means of the development reached in the EOD-B, depending on the type of sensory profi le, showed statistically signifi cant differences between the means in three of the eight traits evaluated, with the group of regulatory disorder being shown to make the difference concerning the others two goups through the Scheffé test ( Table 1) . The traits where differences were found were "somatic-motricity", "communication" and "conceptualization-thought". Table 2 presents the statistical values F of scores of the factors and sensory sections of the SP with the psychomotor traits of the EOD-B. It is observed that all of the EOD-B traits evaluated have some degree of relationship with at least a section or the SP factor, with the traits "somatic-motricity", "perceptive-motricity" and "conceptualization-thought" showing a greater number of meaningful relationships with the sensory profi le. The "poor registration" factor and the "modulation of sensory input affecting emotional responses" section were those most related to the psychomotor features explored with the EOD-B, by 62% and 50% respectively. At the same time, the features "communication" and "normativity", and sections of factors of SP "sensory seeking", "inattention/distractibility", "vestibular processing" and "modulation of movement affecting activity level" showed little or no relationship with the SP or EOD-B, respectively.
On the relationship between global psychomotor development with the sensory profi le, the variance analysis showed a statistically signifi cant relationship between normal development, likely delay and delay and the sensory profi le, by using the Scheffé test (p <. 001).
An estimate of the percentage of children who had normal development, likely to delay and delay in the features of the EOD-B was carried out. Table 4 shows that the "sense-motricity" trait was found in normal development in all of the sample, and that the features features "conceptualization-thought" and "normativity" have higher frequency of normal development. The traits most affected were the "affectivity" and "somatic-motricity".
In terms of the overall results of the EOD-B, 14 children (22%) were found in the psychomotor delay group; 17 children (27%) in the likely psychomotor delay group; and 31 children (50%) in the normal development group.
An estimate of the percentage of children presenting typical performance, probable differences and defi ned difference in sections and factors of SP was made. The "modulation of sensory input affecting emotional responses" section was the most affected, with more than 50% of the sample outside typical performance. At the same time, the features "communication" and "normativity", and sections of factors of SP "sensory seeking", "inattention/distractibility", "vestibular processing" and "modulation of movement affecting activity level" showed little or no relationship with the SP or EOD-B, respectively. Regarding the factors "inattention/distractibility" and "sensory seeking", these had a higher frequency of profi les with likely dysfunction, while "sensory sensitivity" and "sedentary" were factors with more than 84% of the sample within the typical values. In terms of the overall results the SP sample, 18 children (27.2%) were found in the group of regulatory disorder; 14 children (21.2%) in the group of suspected profi le; and 34 (51.5%) children in the group of normal profi le.
DISCUSSION
The results of this study in Spain suggest that the prevalence of psychomotor retardation is 22 %. These data are slightly above the international indicators, which estimate it at around 12-18% 6 . Studies conducted in different countries show psychomotor delay in between 29 and 60 per cent of children 26 . However, these results are not extrapolated to the Spanish population, due to their different socio-demographic characteristics 27 . If the traits of the EOD-B are analysed individually, it is possible to see that the alteration of the development of a trait is not directly related to a change in global psychomotor profi le, since 74.19% of the sample is delayed in at least one trait, while the percentage of psychomotor retardation stands at 22%.
A recent study evaluated the psychomotor performance of 367 children of preschool education in fi ve areas: grip, visual-motor integration, posture, movement and handling of objects 28 . Results showed no signifi cant difference in the overall performance according to gender.
Regarding disorders of sensory integration, the present study found the prevalence of children with regulatory disorder to be 30%. These results are clearly above some studies that have defi ned the prevalence around 5-10%, and above the upper limit of other recent studies that have estimated the prevalence of regulatory disorders between 12-30% 12, 26 .
The factors of sensory processing with highest percentage of typical performance were "sensory sensitivity", "low endurance/tone", "poor registration" and "sedentary", while those that presented greater alteration were "sensory seeking" and "inattention/distractibility". These fi ndings are similar to other studies, which placed "low endurance/tone", "sensory sensitivity" and "poor registration" as factors with more typical performance, and "sensory seeking" and "inattention/ distractibility" as factors with higher percentage of regulatory disorder25. A similar situation occurs with respect to sensory modulation, where "visual processing" and "sensory processing related to endurance/tone" sections were the ones with a higher percentage of typical performance, while "modulation of sensory input affecting emotional responses" was found to be most altered.
The most notable differences found between the two studies were in the percentage distribution of the typical performance in the section "behavioral outcomes of sensory processing", Castillejos and Rivera found this to be 50%, in contrast to the 75.8% found in our study.
The relationship between the psychomotor development and sensory processing has been found both in the analysis of each trait of the EOD-B with each factor and section of the SP, as in the analysis of the global development with the resulting sensory profi le. It has been suggested that children identifi ed with the SP regulatory disorder were more likely to present defi cits in their motor skills and processing, as well as experiencing more diffi culties in carrying out their daily occupations 29 . In this sense, the infl uence of early experience in the development of sensory systems has been studied, noting the importance of providing sensory stimuli through activities and psychomotor performance, in order to develop neural patterns 30 . A recent study investigated the functional differences between children with SPD, physical disability and typical development. The results showed that children with SPD showed signifi cant differences with respect to the children from other groups in functional skills, especially in self-care, mobility and social functions 16 . Regarding the relationship between each psychomotor trait and sections and factors of the SP, the results of this study show that the "poor registration" factor and the "modulation of sensory input affecting emotional responses" section were related to most of the psychomotor features explored with the EOD-B. At the same time, the features "communication" and "normativity", and the sections or factors of SP "sensory seeking", "inattention/ distractibility", "vestibular processing" and "modulation of movement affecting activity level" showed little or no relationship with the SP or EOD-B respectively.
The results are signifi cantly different from those found in other studies, in which the largest number of relationships were found in sections of "sensory processing related to endurance/tone" and "modulation related to body position and movement", while gross motor-related areas and sections of the SP "visual processing", "modulation of movement affecting activity level" and "modulation of visual input affecting emotional responses and activity level" and "modulation of movement affecting activity level", which did not show or showed very low ratio with the SP or psychomotor development respectively 25 . However, taking as a reference the resulting sensory profi le and comparing it with every feature of the EOD-B, results are , similar to the previous study in terms of disorder regulatory, relationship with alteration or defi cits in communication features.
Finally, the results of this study show differences in the distribution of the psychomotor profi le and sensory profi le depending on the age of the child. These data corroborate those obtained in other investigations. Other studies have shown differences in psychomotor performance in a sample of children between three and fi ve years, with similar characteristics to the sample of this research 28 . Its fi ndings suggested that age signifi cantly infl uences motor performance. With regards to sensory processing, previous research studied the infl uence of age on the sensory integrative functions in a sample of 1,000 Taiwanese children classifi ed into groups according to their age 31 . Their sensory processing was assessed using the Test of Sensory Integration Function (TSIF), a stand-ardised test in the diagnosis of sensory integrative dysfunction. Analysis of variance revealed that age is a signifi cant factor in each of the areas of sensory integration associated with various stages of development. For the subscale "sensory modulation" and "emotional behaviour", the differences between the ages were only a signifi cant factor among children 3-4 years and children 5-6 years, results similar to those obtained in this study. The highest prevalence of alterations in sensory processing in children under fi ve years coincides with the traditional scientifi c literature and is probably due to the immaturity of neural circuits in the nervous system and sensory integration system 32 . The main limitations of this study are as follows: First, the sample size does not allow for generalisation of the results obtained, or for stratifying them according to gender and age with a high rate of reliability. Although prevalence data may be suggested by the instruments, it is necessary to engage in follow-up studies to determine sensory processing and psychomotor development. Moreover, this study has not assessed the presence or absence of other dysfunctions, beyond impaired psychomotor development and sensory integrative dysfunction.
The main strength of this study lies in its novelty when it comes to investigating the sensory profi le as a possible cause of psychomotor retardation in the members of the population that do not have disabilities, confi rming, thus, the need not only of permanent stimulation but also its correct assessment.
In conclusion, the data provided in this study indicate a high prevalence of psychomotor retardation in children of 3-5 years, mainly in motor-somatic and affective traits. The sensory profi le showed the presence of regulatory disorders in 30% of the sample. There is a signifi cant association between the presence of psychomotor disorders and sensory processing (p = 0.001).
These results have important implications for preschools and schools, highlighting the need to assess and intervene in the psychomotor development of the child in a very defi ned and structured way from within the educational fi eld, for this is required knowledge of the developmental psychology and educational psychology 33 . At the same time, these results present the sensory profi le as a possible line of intervention for achieving children's correct psychomotor development.
At same time, the results of this study contribute to the fi eld of public health, demonstrating the need for follow-ups of children with typical development and without disability. These children may have disorders in psychomotor development due to a lack of appropriate action, which would lead to signifi cant alterations in their evolutionary development, and therefore in their health.
